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The objective of this study was to identify the physiological ranges of body temperature of bitches in the first 7 days after parturition by measurement with ingestible temperature loggers. Twenty bitches swallowed one ingestible temperature logger daily. Bitches were defined to be healthy by spontaneous parturition and leucocyte concentration. Mean core body temperatures of eight healthy bitches were (Mean ± SD) 38.8°C ± 0.40 on day 0 p.p., 38.9°C ± 0.47 on day 1 p.p., 38.9°C ± 0.35 on day 2 p.p. 38.7°C ± 0.31 on day 3 p.p., respectively. In the following days, the three remaining healthy bitches showed mean core body temperatures (Mean ± SD) of 38.8°C ± 0.30 on day 4 p.p., 38.6°C ± 0.35 on day 5 p.p., 38.5°C ± 0.27 on day 6 p.p. and 38.4°C ± 0.34 on day 7 p.p., respectively. Three out of the eight healthy bitches showed temperatures ≥39.5°C. Bitches with leucocytosis showed significant higher mean core body temperatures (39.0°C ± 0.49) than healthy bitches (38.8°C ± 0.39) during the first 3 days after parturition (p < 0.01). We conclude that the physiological ranges of body temperature of healthy bitches in the first days after parturition do not differ from those of healthy dogs in general, while the appearance of short episodes of febrile temperatures seems to be physiological. Puerperal bitches with leucocytosis show higher body temperatures increased by only 0.2°C.
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Measurement of body temperature is considered a fundamental element within physical examination in veterinary science and research (Goodwin, 1998) . The most common method for obtaining body temperature in animals is rectal thermometry (Goodwin, 1998) .
For research purposes, however, continuous measurements may be advantageous (Greer, Cohn, Dodam, Wagner-Mann, & Mann, 2007; Quimby, Olea-Popelka, & Lappin, 2009) . Telemetric core body temperature measurement using ingestible loggers has been validated in dogs (Angle & Gillette, 2011; Hynd, Czerwinski, & McWhorter, 2014; Osinchuk, Taylor, Shmon, Pharr, & Campbell, 2014) . A great benefit of temperature measurement by ingestible loggers is continuous data and the reduced potential bias due to the handling of animals and less yielding of stress.
The objective of this study was to identify the physiological ranges of body temperature of bitches in the first 7 days after parturition by measurement with ingestible temperature loggers.
| MATERIAL AND ME THODS
The study was performed on 20 private-owned bitches of different breeds (Table 1) . Breeders were asked if they were willing to include their female dog into the study at the time of pregnancy diagnosis via ultrasound at the Clinic for Animal Reproduction, Free University of Berlin, Germany. Written informed consent was obtained. Due to logger size, only bitches weighing more than or equal to 8 kg were included in the study.
To measure core body temperature, ingestible temperature loggers (ANIPILL, BodyCap, Caen, France) were used. Each logger weighs 1.7 g, measures 17.7 × 8.9 mm and is covered by biocompatible PVC. During each experiment, the bitches swallowed one temperature logger every day for 7 days. The owners were instructed to applicate the logger by hand. The first logger had to be fed within 12 hr after the birth of the last puppy. In general, the owners provided water during parturition, and food was given as early as possible after parturition. On day 3 and 7 after parturition, respectively, we collected two blood samples from every bitch from the V. cephalica antebracii or V. saphena lateralis by puncture with a needle (21 G × 1.5″)
in terms of a routine examination. Blood samples were placed in an EDTA tube and a serum tube, respectively. On day 7, a vaginal swab was taken using a sterilized speculum (Model 63956, length 15 cm, diameter 2 cm, Storz, Tuttlingen, Germany) and a sterile swab (APTACA Sterile Transport Swab, NUOVA APTACA SRL, Canelli, Italy). All samplings were taken at the breeder's home to minimalize the stress and time of separation between bitch and puppies. The samples were analysed in a commercial laboratory directly: the EDTA blood for a complete blood count, the serum for C-reactive protein and the vaginal swab for bacteriological investigation.
Bitches were defined to be healthy if the total count of leucocytes was not higher than 12.0 × 1,000/μl according to laboratory thresholds (Moritz, Schwendenwein, & Kraft, 2014) . If drugs excluding oxytocin were administered to the bitches during parturition, they were excluded from the analysis.
For statistical analysis of influence of body weight on core body temperature of puerperal bitches, we divided the bitches into weight classes. Based on weight distribution of the bitches, we set the threshold at 15.0 kg.
| RE SULTS
In total, 20 bitches were enrolled in this study (Table 1) . Thereof, eight were defined as healthy in the first 3 days after parturition. The other animals had to be excluded from analysis. Reasons of exclusion were C-section (n = 5), leucocytosis (n = 5), drug administration (n = 1, metamizole) and mastitis (n = 1). Only three out of 20 bitches fulfilled the health criteria for the complete period of measurement 38.9°C ± 0.35 on 2 p.p., 38.7°C ± 0.31 on day 3 p.p., respectively.
In the following days, the three remaining healthy bitches showed mean core body temperatures (Mean ± SD) of 38.8°C ± 0.30 on day 4 p.p., 38.6°C ± 0.35 on day 5 p.p., 38.5°C ± 0.27 on day 6 p.p. and 38.4°C ± 0.34 on day 7 p.p., respectively. Within the first 3 days after parturition, three out of the eight healthy bitches showed temperatures ≥39.5°C. In one bitch, even the daily temperature average exceeded 39.5°C. In total, 131 out of 1,098 temperature measurements (15 min interval) of healthy bitches were above or equal to 39.5°C with a maximum temperature of 40.1°C.
During the first 3 days after parturition, mean core body temperatures of healthy bitches were (Mean ± SD) 38.8°C ± 0.39 whereas bitches with leucocytosis showed temperatures (Mean ± SD) of F I G U R E 1 Mean core body temperatures per day of healthy bitches after parturition F I G U R E 2 Core body temperatures (Mean ± SD) of bitches per day after parturition 39.0°C ± 0.49 (p < 0.01) (Figure 2 ). The healthy group had a mean leucocyte concentration of 10.5 ± 1.11 × 1,000/μl (Mean ± SD).
In the leucocytosis group, the mean leucocyte concentration was (Mean ± SD) 16.0 ± 2.40 × 1,000/μl. Mean core body temperatures in the first 3 days after parturition differed significantly between weight classes showing that small bitches had higher temperatures.
Mean temperature differences between small and big bitches were 0.28°C (p < 0.01) on day 0 p.p., 0.47°C (p < 0.01) on day 1 p.p., 0.34°C (p < 0.01) on day 2 p.p. and 0.11°C (p < 0.01) on day 3 p.p., respectively.
| D ISCUSS I ON
The most common method for measuring body temperature in animals is rectal thermometry (Goodwin, 1998) . However, it can be associated with significant stress for the patient. In aggressive patients, it may even increase risks of injury to humans (Gomart, Allerton, & Gommeren, 2014) . In the first days after parturition, an increased and often unexpected aggressive reaction of bitches against un- According to the study of Hynd et al. (2014) , the used ingestible temperature loggers produced data likely to be more accurate than rectal, aural or skin surface measurements. Osinchuk et al. (2014) stated that core body temperature measured by the used ingestible loggers was consistently higher than rectal temperature across all gastrointestinal locations but temperature differences based on gastrointestinal location were not significant. In both studies, the temperatures measured by the ingestible loggers were highly correlated with concomitant temperatures observed on a reference thermometer in a water bath. Furthermore, Osinchuk et al. (2014) stated that the rectal thermometer had increased variability between concurrent readings compared to their logger system and rectal temperature showed changes in core body temperature with a delay. These findings are in accordance with results of a study on rectal measurements in cows, revealing that the measurement procedure itself may cause variations of up to 0.5°C, as well as the type of thermometer (up to 0.3°C) and the penetration depth into the rectum (up to 0.4°C), respectively (Burfeind, von Keyserlingk, Weary, Veira, & Heuwieser, 2010) . In the study of Burfeind et al. (2010) , the used thermometers were validated in a water bath as well. In conclusion, it can be suggested that core body temperature measured by validated ingestible temperature loggers may be much more reliable than rectal measured data. After elimination of the data measured within the first 15 hr after ingestion, we observed in total 97 measurements of short lowtemperature episodes. The temperature drops were between 0.5°C and 2.3°C. We observed this phenomenon in three dogs. Because of the low percentage of measurements and the short duration of lowered temperature, we postulate that this phenomenon did not bias the overall outcome. The duration from feeding to defecation of the loggers varied from less than a day to more than 6 days. The 97 temperature drops were observed in bitches with a slower logger passage so that it is possible that the temperature variations may have been due to cold water intake. Also, Hynd et al. (2014) This type of factors may mask circadian rhythmicity of body temperatures (Refinetti & Piccione, 2003) . All these possibly influencing factors are ubiquitous in the life of private-owned bitches with newborn puppies and we could not show any circadian rhythmicity in our data.
The leucocyte concentration is regarded as one of the most important blood parameters by many authors that provide valuable information about patient health (Mischke, 2006) . To get the maximum amount of information from blood parameters and to interpret results correctly, it is essential to know the normal values and their physiological variations that may occur in specific species and specific situations (Doxey, 1966) .
In that regard, a special period may be the canine puerperium.
Published data on normal leucocyte concentrations in female dogs after parturition are rare and based on case series comprising small numbers of animals, only: Doxey (1966) suggested based on observations in two groups of periparturient bitches (n 1 = 6 bitches, n 2 = 7) that leucocyte concentrations are raised above normal during the nursing period and can fluctuate considerably. The only given information about these bitches is their reproduction status.
Kammermann-Lüscher (1974) reported based on findings in one animal that a bitch during nursing period has a higher leucocyte concentration than non-nursing bitches. There is no further information about the animal given in the article except breed, age and number of puppies.
In our study, we divided the bitches into a healthy and a leucocytosis group based on laboratory thresholds for healthy adult dogs (Moritz et al., 2014) . However, it may be necessary that the thresholds for puerperal bitches have to be adapted in future. Doxey (1966) indicated 5,000-15,000 leucocytes per mm 3 (5.0-15.0 × 1,000/μl) a normal range of variation in leucocytes for adult dogs and suggested that the leucocyte concentrations are raised above normal during the nursing period. According to our findings, the leucocyte concentrations of nursing bitches between parturition and second week after parturition ranged between 13,000 and 16,000 leucocytes per to two groups of four bitches each. Because several bitches had to be defined as non-healthy after day 3 p.p., the statistical analysis on the influence of body weight was not calculated for the following days. In the first 3 days after parturition, three healthy bitches showed body temperatures above or equal to 39.5°C with a maximum temperature of 40.1°C. All of these bitches belonged to the group of bitches with a body weight ≤15.0 kg. This led to the result that temperature is significantly higher in smaller dogs. Because of the small sample size, these results should be interpreted with care.
Further studies on this question are required.
Temperature measurement is an essential item of a clinical examination in veterinary medicine. Significant deviations from the normal temperature range may serve as an early indicator of a change in the patient's health condition (Gomart et al., 2014) . In the first days after parturition, the bitches' condition is crucial for their nursing qualities and reconvalescence. Therefore, it is important to monitor vital functions, appetite, and behaviour of post partum bitches on a daily basis to enable early detection of diseases (Gomart et al., 2014) .
Any post partum bitch that shows clinical signs of lethargy, anorexia or vomiting or is febrile should immediately be examined by a veterinarian (Grundy & Davidson, 2004) .
We could show that ingestible loggers with a size of 17.7 × 8.9 mm are safe for the application in bitches weighing more than or equal to 8 kg. It is possible to monitor the core body temperature of puerperal bitches without any irritation due to rectal temperature mea- Petersburg, FL, USA). Mean temperatures were 38.7°C ± 0.3 before exercise and 40.4°C ± 0.6 after exercise.
As stated earlier, opinions about physiological body temperature in puerperal bitches is controversial. Some authors consider higher temperatures in the first days after parturition to be normal (Veronesi et al., 2002) . Other authors regard an elevation of body temperature over 39.5°C to be an indication for a pathological process like mastitis, metritis or hypocalcaemia (Johnston et al., 2001 ).
According to Dreier (1980) , the body temperature of bitches after parturition is slightly elevated and reaches 38.8-39.4°C in the first 3-5 days post partum. In the following days, the body temperature is expected to decrease to normal values. Furthermore, Dreier (1980) stated that this elevation of body temperature is attributed to toxin resorption and tissue disintegration. Despite this assumption is plausible, it remains unclear which kind and which number of observations this statement is based on. Therefore, this statement should be considered as expert opinion evidence level (Arlt & Heuwieser, 2016) and may be prone to bias. Further research is needed to learn more about physiological and pathological conditions and their influence on body temperature in the first days after parturition in dogs. Vice versa, it should be examined how the measurement of body temperature can contribute to a proper monitoring of the health of the post partum bitch and which reference temperatures should be used.
| CON CLUS ION
We conclude that the physiological ranges of body temperature of healthy bitches in the first days after parturition do not differ from those of healthy dogs in general, while the appearance of short episodes of febrile temperatures seems to be physiological. To give this assumption stronger evidence, more data of bitches after parturition are needed. According to our results, puerperal bitches with leucocytosis show higher body temperatures (Figure 2 ). This phenomenon is significant from a statistical but not from a clinical point of view because the difference is only about 0.2°C. Temperature measurement is, however, an important diagnostic tool for health surveillance of bitches after parturition. It helps to early detect and treat potential puerperal disorders and, therefore, supports the bitch, the puppies and future fertility.
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